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ALLIS- CHALMERS 

A A P  FUEL CELL SYSTEM 

@ 56 DAY FLIGHT SYSTEM NOW BEING DVT'D 

FLIGHT-QUALIFIED SYSTEMS AVAILABLE JULY 1968 

@ NO ADDITIONAL PROGRAM PERTURBATION REQUIRED 
FOR AAP - COMMAND & SERV ICE MODULE RETROFIT 

@ PROVEN INTERCHANGEABILITY BY PREVIOUS NORTH 
AMERICAN AVIATION'S STUDY 

@ CAPABILITY I N  PRESENT SYSTEM FOR 2500 HOURS 
FOR ADVANCED AAP REQUIREMENTS 

@ FULL STAFF & FACILITIES NOW I N  OPERATION 





FUEL CELL P ER FOR APOLLB 

APPLICATIONS PROGRAM 

FUEL CELL DEVELOPMENT H 

FUEL CELL MODULE DESCW 

AAP ELECTR CAL POWER SYSTEM PERFORMANCE 

CSM RETROF T ANALYS 

PROGRAM SUPPORT CAPAB 

SUMMARY 



NASA 2K FUEL CELL MODULE 













NASA FUNDING HISTORY 

TOTAL FUND NC $11,500,000 



NASA PROGRAM OBJECTIVES 

DEVELOPMENT & TEST 
@ GENERAL =DEVELOP CLOSED CYCLE 2 HW H2 - 0 2  FUEL CELL 

SYSTEM FOR space MISSIONS TO 90 DAYS. 

@ SPECIFIC - COMPLETE DEVELOPMENT OF 1500 WR FUEL CELL 
SYSTEM FOR DVT TESTING BY NASA & A-C. DELIVER 5 DVT 
SYSTEMS TO NASA, MSC. CONTINUE DESIGN EFFORT TOWARDS 
A 2500 HR SYSTEM. 

TECHNOLOGY 
@ GENERAL- PERFORM ANALYSIS & CONDUCT TESTS TO DEVELOP 

TECHNOLOGY FOR LONG LIFE, HIGH PERFORMkNCE & RELIABLE 
FUEL CELL SYSTEMS FOR SPACE APPLICATIONS. 

@ SPECIFIC- PERFORM STUDIES & CONDUCT TESTS ON ELECTRODES, 
MATRIQS, ELECTROLYTES, SCALE-UP EFFECTS, PURG ING, COOLING 
TECHNIQUES & OPERATI NG VARIABLES. 

TY ASSESSMENT 
@ GEEQERAL- EVALUATION OF 2 KW FUEL CELL PERFORMANCE 

CAPABILITY UNDER BOTH NORMAL & OVERSTRESS CONDITIONS, 
TO ESTABLISH OPERATING LIMITATIONS FOR RELIABLE 
OPERATION. 

@ SPECIFIC- PERFORM ENDURANCE & OFF-LIMITS TESTS TO 
ASSESS REL%ABILFITVm 
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MODULE 
TRANSIENT RESPONSE 

.CAN SWITCH INSTANTANEOUSLY 
BETWEEN MAXIMUM & MINIMUM 
SPACECRAFT POWER LIMITS. 

.REDUCED ASTRONAUT POWER 
MANAGEMENT REQUIREMENTS. 

.REDUCED PEAKING BATTERY REQUIRMENTS 
FOR VOLTAGE REGULATION. 

.HIGHER RELIABILITY DUE TO LESS DEPENDENCE 
ON BATTERY /QARGER SYSTEM. 



MODULE OVERLOAD 
PERFORMANCE 

T E S T  R E S U L T S  
L O A D  L E V E L  D U R A T I O N ,  NO.  O F  

A M P E R E S  K W  M I M U T E S  O C C U R E N C E S  

100- 200 2.5-4.5 5.0 2 1 
201-250 4.5-4.8 2.0 7 
251-350 4.8-5.0 1 .0  2 0 
351-450 5.0-3.0 0.25 

T O T A L  58 

G R O S S  P O W E R ,  A W  



OVEWILBAD PERFORMANCE 

.REDUCES REQU REMENTS FOR 
NC BATTER 

CH CREW SAFETY REL 



BOOTSTRAP CA PABlLlTY 

TEST RESULTS 
ELECTRICAL 

OUTPUT LIMIT 
WRM UP 

TIME . MINUTES 

27.5 VOLTS 
100 AMPERES 
250 AMPERES 

TIME, MINUTES 



BOOTSTRAP CAPABILITY 

CAL EXAMPLE 

10 20 30 40 5 0  60 

T IME,  MINUTES 

ASSUMPTIONS: 1. CONSTANT BUS VOLTAGE OF 28 VOLTS 
2. CONSTANT BUS LOAD OF 2 HW 
3. FUEL CELL BAY AMBIENT - 70°F 
4. FUEL CELL HEATERS NOT USED 

NO EXTERNAL POWER REPUlRED TO BRING 
COLD STORAGE FUEL CELL INTO OPERATION 

*PROVIDES ABILITY TO BRING COLD MODULE TO FULL POWER 
CAPABILITY IN VERY LITTLE TlME WITH NO 
EXTERNAL POWER 



TEST RESULTS 
@ 41 DAILY CYCLES ; 14 HR ON - 10 HR OFF 

WITHOUT DETRIMENTAL EFFECTS 

@ CELL CAVITIES NEED NOT BE F ILLED W I T H  

INERT CAS DURING STANDBY OR SHUTDOWN 

@ STACK MAY BE HELD AT OPERATING 

TEMPERATURE WITHOUT AFFECTING 

PERFORMANCE 

@ DEMONSTRATED CAPABILITY ON 200 WATT 

FUEL CELL SYSTEM FLOWN ON TITAN I l l -C 

I N  NOVEMBER I966 

REFERENCE: N A S  8-2696- Q P R -  1203 



IN-SPACE STARTRSTBP 

@ I L L U S T R A T E S  C O M P A T I B I L I T Y  W I T H  H Y B R  l D  
S O L A R  P A N E L  P O W E R  S Y S T E M  

@ P R O V I D E S  I N - S P A C E  STARTUP/SHUTDOWN M O D E  

DEMONSTRATES F E A S I B I L I T Y  OF ONE M O D U L E  
P O W E R  D O W N  M O D E  

@ A L L O W S  M I N I M U M  P O W E R  TO BE E S T A B L I S H E D  
BY R A D I A T O R  F R E E Z E - U P ,  N O T  T H E  F U E L  
C E L L  

L O W E R  W E I G H T  F O R  I N  - S P A C E  S T A R T  
M O D E  

. A L L O W S  L O N G  T E R M  H O T  S T A N D B Y  
M O D E  









EDS '1 ELECTRICAL 
PERFORMANCE 

GROSS POWER - H W  

NOTE: SINGLE MODULE , 32 SECTIONS 







SYSTEM THERMAL PERFORMANCE 

"0 1 .O 2.0 3.0 4.0 
NET POWER,KW 

DAYS 
DAYS 

T I  AL 
DAYS 
DAYS 

T I  AL 

PRODUCT 
WATER 

COLLECTED 

PRODUCT 
WATER 
VENTED 

NOTE : 
A. 3 MODULE SYSTEM 
B. 32 SECTION MODULES 



SYSTEM 
REACTANT CONSUMPTION 

NET POWER,  HW 

NOTE: 

3 MODULE SYSTEM 

32 SECTION MODULES 



OPERATION 

START UP 
1. STARTPSTOP SWITCH TO START 
2. WHEN STACK IS AT TEMPERATURE ,OPEN REACTANT 

INLET W W E S  
3. CONNECT TO BUS A ,  B OR BOTH 

OPERATION 
1. ALL AUTOMATIC CONTROL; NO MANUAL CONTROL NECESSARY 

SHUTBOW N 
1. STAND-BY; READY FOR IMMEDIATE RE-USE 

A. DISCONNECT FROM BUS 
2. STORAGE ; IN FLIGHT 

A. CLOSE INLET REACTANT VALVES 
B. DISCONNECT FROM BUS 
C. PLACE STARTJSTOP SWlTCW I N  STOP POSITION 



SALIENT PERFORMANCE FEATURES 

@ AUTOMATIC OPERATION 

@ START/ RESTART CAPABl LITY IN SPACE 

@ FAST, SIMPLE START UP & SHUTDOWN 

@ NO CATASTROPHIC POWER SYSTEM FAILURE MODES 

@ INSTANTANEOUS TRANSIENT RESPONSE 

@ INSENSITIVE TO SERVICE & CONTROL MALFUNCTIONS 

@ NO POWER MANAGEMENT REQUIRED FOR VOLTAGE REGULATION 

@ WATER RECOVERY INDEPENDENT OF POWER PRODUCTION 

@ MANUAL OVERRIDE CAPABILITY 

@ LIFE CAPABILITY TO 2500 HOURS 

@ INHERENTLY RUGGED 

@ UNAFFECTED BY FREEZING 

@ POTABLE PRODUCT WATER 



FUEL CELL MODULE EIGHT 

MODULE ELEMENT 

STACK 

MCS 

COOLANT PUMP, 
ACCUMULATOR & VALVES 

TGCS 

EMCA 

MOUNTING BRACKET 

CABLE HARNESS 

THERMAL INSULATION 

MISC. HARDWARE 

TOTAL 161.5 LBS. 





RETROFIT STUDIES PERFORMED 

NTERFACE 

@ SYSTEM WE 

CONTROL PANEL 

NSTRUMENTAT 

GSE 









CONTROL PANEL INSTRUMENTATION 

METERS 
NEW 

D C  V O L T S  S A M E  
D C  A M P S  S A M E  
H 2  F L O W  S A M E  
O2 F L O W  S A M E  
MODULE T E M P -  snlw II 

MODULE T E M P - C O N D .  EXH.  M O D U L E  T E M P .  

E X I S T I N G  
D E S I G N A T I O N  

I N S T R U M E N T  
CWAWGE 

NO CHANGE 
NO CHANGE 
NO CHANGE 
NO CWANGE 

NOT REQUIRED ' 
NO CHANGE 

H2 P R E S S U R E  - H I ;  1 - SEL.  
O2 P R E S S U R E  - H I ;  1- S E L .  
N2  P R E S S U R E  - H I ;  1 - S E L .  
R A D I A T O R  T E M P .  L O W ;  I - S E L .  
P H -  H I ;  1 - S E L .  
F C  R E A C T R N T m O P E N / C L O S E D ;  3 -  I N D .  
F C RAD. B Y  P A S S -  N O R M I \ L / E M E R G ;  3 -1ND.  
M A I N  B U S  A - O N / O F F ;  3 - I N D .  
M A I N  B U S  B -  O N / O F F ;  3 -  I N D .  

NO CHANGE 
N O  CHANGE 

N O T  R E Q U I R E D  
fVO CWANGE 

NOT R E Q U I R E D ~  
NO C H A N G E  
NO C H A N G E  
NO C H A N G E  
1 0  C H A N G E  

N O T E  : 
1. O P T I O N  TO U S E  F O R  H 2 0  C l V l T Y  P R E S S U R E  
2 .  MAY U S E  BF D E S I R E D  



GROUND INSTRUMENTATION 

TELEMETRY 

EXISTING DESIGNATION NEW DESIGNATION CHANGE REQ'D 

D C  B U S  V O L T A G E  
B U S  A 
BUS B 

D @  CURRENT OUT 
S K I N  T E M P E R A T U R E  
COND. E X I T  T E M P .  
HI PRESSURE 
O 2  PRESSURE 
N, PRESSURE 
H, F L O W  
0, F L O W  
RAD. OUT TEMP. 
B U S  A DISCONNECT 
B U S  B DISCONNECT 
FUEL CELL SHUT-OFF 

S A M E  
S A M E  
SAME 
STACK TEMP.  
CAVITY PRESS. 
SAME 
SAME 
H e  PRESS. 
SAME 
SAME 
SAME 
SAME 
SAME 
SAME 

NO CHANGE 
NO CHANGE 
NO CHANGE 
SCALE CHANGE 
SCALE CHANGE 
NO CHANGE 
NO CHANGE 
NO CHANGE 
NO CHANGE 
NO CHANGE 
NO CHANGE 
NO CHANGE 
NO CHANGE 
NO CHANGE 
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GROUND SUPPORT EQUIPMENT 

EXISTING 
EQUIPMENT 

MODIFICATIONS 
REQUIRED 

GLYCOL FILL UNIT NO CHANGE 

F. 6. HEATER POWER SUPPLll NOT REQUIRED 

LOAD BANK NO CHANGE 

AUTOMATIC CHECKOUT EQUIPMENT MINOR CHANGE 1 

REACTANT & PURGE GAS SUPPLY NO CHANGE 

WATER REMOVAL SYSTEM MINOR CHANGE 2 

HANDLING EQUIPMENT NO CHANGE 

NOTE: 

1 REDESIGNATION ON SOME FUNGTIONS 

2 REPlUrWBlMG FOR USE OF VACUUM BUMP 









GREENDALE 
ASSEMBLY dL TEST FACILITIES 

ENVIRONMENTAL TEST 
LABORATORY 
THERMAL VACUUM 
CENTRIFUGE 
VIBRATION 
SHOCK 

FABRICATION 

1111 

L,,,,,,,, 

FINISHED 

STORES 

15,000 SQ. FT. 

AIR LOCK 

20,000 SQ. FT. 







QedALlTV ASSURANCE 

DEVELOPMENT SUPPORT ACT 

NES- NPC 200-2, NPC 200-3,NPC 250-1 

IMPLEMENTED ACTIVITIES 

@DESIGN RELEASE 
s CHANGE DOCUMENTATION 
@MATERIAL CONTROL & TRACEABILITY 
sASSEMBbV HISTORY LOGS 
@ TEST PROCEDURES 
@TEST LOGS & DATA RECORDS 
.INSTRUMENT CALIBRATION & CONTROL 
.UNSATISFACTORY CONDITION REPORTING 
@FAILURE INVESTIGATION & ANALYSIS 
@VENDOR LIAISON 

RELBABllBTV EFFORTS 

.FAILURE EFFECTS ANALYSIS 
@RELIABILITY ESTIMATES 

MAINTAINED INFORMATION FILES . NASA & MIL SPECS & STDS 
.NASA DESIGN GUIDELINES 





ALLIS-CHALMERS 

CORPORATE STRUCTURE 









MAJOR ENEF 

N A R D W A R E  A V A  L A B L E  - l U L Y  1968 

P R O V E N  L - 1500 +HRS. D E M O N S T R A T E D  
- 2 5 0 0  HR. C A P A B  

@ P E R F O R M A N C E  - 1 2 K W  P E A K  E M E R G E N C Y  
- T R A N S  E N T  R E S P O N S E  

G H T  S A V  - 2 5 0 L B  

N T E R C H A N C E A B L E  - N O  S P A C E C R A F T  
C A T I O N S  

@ C O S T  S A V  - A D V A N C E D  D E S  
M U M  P E R T  

R E C O M  M E N D A T  
N T E G R A T  

C H A L M E R S  F U E L  C E L  
N S  A  & B u m .  A N D  B E Y O N  

@ I M P L E M E N T  O V E R A L L  A A P  S U P P O R T  A N A L Y S  S  FOR O W S ,  
A T M ,  A P P S  - A  & B  , L U N A R  M O D U L E ,  L U N A R  S U R F A C E  OPER.  

ATELY P L A N  NG T O  S U P P O R T  1500 HR. 
N AND PRODUCT N PROGRAMS 

.EXTENT L FE EVALUAT ON TO 2500 HRS. 



FUEL CELL CONSTRUCTION 



AUTOMATIC CONTROLS 

HEATER -REACTANT - STACK TEMB. -HEATERS OM 
- START SIGNAL - READY SIGNAL 
- REACT. OVER PRESS. - OPEN/CLOSE 

REACT. VALVES 

PURGE - MODULE CURRENT - OPEN PURGE 
VALVE - 5 SEC. 

COOLANT - STACK TEMP. - OPEN COOLANT 
VALVE 

WATER CAVITY PRESSURE - STACK TEMC - OPEN MOISTURE 
- CAVITY PRESS. REMOVAL VALVE 

WATER RECOVERY 

- VENT - PRESS. sw ITC H LOSE VA'OR 
VENT VALVE 

- PUMP - LEVEL SWITCH - OPERATE PUMP 
CONTROL VALVE 






